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7KH WUDGLWLRQDO DQDO\VLV RI KHDUW UDWH YDULDELOLW\ +59 LQ WKH WLPH DQG IUHTXHQF\ GRPDLQV VHHPV WR EH DQ
LQGHSHQGHQWSUHGLFWLYHPDUNHUIRUFDUGLRYDVFXODUPRUWDOLW\LQFOXGLQJVXGGHQFDUGLDFGHDWK%HVLGHVOLQHDUPHWKRGV
WKHUH DUH D ODUJH QXPEHU RI QRQOLQHDU DSSURDFKHV LQ +59 DQDO\VLV ZKHUH WKH H[WUDFWHG SDUDPHWHUV TXDQWLI\
FRPSOLFDWHG SURFHVVHV DQG WKHLU FRPSOH[ UHODWLRQVKLSV 7KH XVH RI QRQOLQHDU PHWKRGV LQ FRPELQDWLRQ ZLWK







GLYLVLRQV V\PSDWKHWLF DQG SDUDV\PSDWKHWLF 6\PSDWKHWLF DQG SDUDV\PSDWKHWLF QHUYH FRUGV VWDUW IURP WKH FHQWUDO
QHUYRXV V\VWHP DQG OHDG WR GLIIHUHQW WDUJHW RUJDQV DOO DURXQG WKH KXPDQ ERG\ >@$IWHU WKH DXWRQRPLF QHUYRXV
V\VWHPUHFHLYHV LQIRUPDWLRQDERXW WKHERG\DQGH[WHUQDOHQYLURQPHQW LW UHVSRQGVE\VWLPXODWLQJERG\SURFHVVHV
XVXDOO\ WKURXJK WKH V\PSDWKHWLFGLYLVLRQRU LQKLELWLQJ WKHPXVXDOO\ WKURXJK WKHSDUDV\PSDWKHWLFGLYLVLRQ0DQ\
RUJDQV DUH FRQWUROOHG SULPDULO\ E\ HLWKHU WKH V\PSDWKHWLF RU WKH SDUDV\PSDWKHWLF GLYLVLRQ 6RPHWLPHV WKH WZR
GLYLVLRQVKDYHRSSRVLWHHIIHFWVRQWKHVDPHRUJDQ)RUH[DPSOHWKHV\PSDWKHWLFGLYLVLRQLQFUHDVHVEORRGSUHVVXUH
DQG WKH SDUDV\PSDWKHWLF GLYLVLRQ GHFUHDVHV LW 2YHUDOO WKH WZR GLYLVLRQV ZRUN WRJHWKHU WR HQVXUH WKDW WKH ERG\
UHVSRQGVDSSURSULDWHO\WRGLIIHUHQWVLWXDWLRQV*HQHUDOO\WKHV\PSDWKHWLFGLYLVLRQSUHSDUHVWKHERG\IRUVWUHVVIXORU
HPHUJHQF\ VLWXDWLRQV²ILJKW RU IOLJKW E\ DFFHOHUDWLQJ ERGLO\ IXQFWLRQV 7KXV WKH V\PSDWKHWLF GLYLVLRQ LQFUHDVHV




LQ WKH KHDUW 7KH VLQRDWULDO QRGH UHFHLYHV QHUYH LPSXOVHV IURP WKH DXWRQRPLF QHUYRXV V\VWHP LQFOXGLQJ ERWK
V\PSDWKHWLF DQG SDUDV\PSDWKHWLF EUDQFKHV >@ 7KLV LV ZK\ WKH RXWFRPH RI WKH LQWHUUHODWLRQVKLS EHWZHHQ WKH
V\PSDWKHWLFDQGSDUDV\PSDWKHWLFQHUYRXVV\VWHPFDQEH³UHDG´IURP+59*HQHUDOO\LQFUHDVHG+59LVOLQNHGWR
JRRGKHDOWKDQGGHFUHDVHGVWUHVV$KLJKYDULDELOLW\ LV D VLJQRI KLJKYDJDO WRQH DQGKDVEHHQ UHODWHG WRDEHWWHU
SURJQRVLVDIWHUDFXWHP\RFDUGLDOLQIDUFWLRQDQGLQSDWLHQWVZLWKFRQJHVWLYHKHDUWIDLOXUHZKLOHGHSUHVVHG+59GXH
WR LQFUHDVHGV\PSDWKHWLFDFWLYLW\RU UHGXFHGYDJDODFWLYLW\ LVDVVRFLDWHGZLWKSRRUSURJQRVLV LQGHSHQGHQWRIRWKHU









7LPH GRPDLQ DQDO\VLV PHWKRGV WUHDW WKH 11 LQWHUYDO VHTXHQFH DV DQ XQRUGHUHG VHW RI LQWHUYDOV RU SDLUV RI
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DQG E GLIIHUHQFHVEHWZHHQ11 LQWHUYDOV7KH VLPSOHVW YDULDEOH WR FDOFXODWH LV WKH VWDQGDUGGHYLDWLRQRI WKH11
LQWHUYDO6'11LHWKHVTXDUHURRWRIYDULDQFH6LQFHYDULDQFHLVPDWKHPDWLFDOO\HTXDOWRWRWDOSRZHURIVSHFWUDO








EH MRLQWO\PHGLDWHG E\ V\PSDWKHWLF DQG YDJDO LQIOXHQFHV WRJHWKHUZLWK WKH EDURUHIOH[PHFKDQLVP >@ ,W LVZHOO




7LPHIUHTXHQF\ DQDO\VLV LGHQWLILHV WKH WLPH DW ZKLFK YDULRXV VLJQDO IUHTXHQFLHV DUH SUHVHQW XVXDOO\ E\




VHWRI WKHZDYHOHW VFDOHVDQG WUDQVODWLRQVREH\LQJVRPHGHILQHG UXOHV7KLV WUDQVIRUPGHFRPSRVHV WKH VLJQDO LQWR
PXWXDOO\ RUWKRJRQDO VHW RI ZDYHOHWV 8VXDOO\ WKH ':7 HPSOR\V D G\DGLF JULG DQG RUWKRQRUPDO ZDYHOHW EDVLV
IXQFWLRQVH[KLELWLQJ]HURUHGXQGDQF\>@7KHGLVFUHWHZDYHOHWWUDQVIRUPUHWXUQVDGDWDYHFWRURIWKHVDPHOHQJWK
DVWKHLQSXWLV>@









NM QNM:0QNM:0QV \I \I  
:KHUH > @QV   QNM I   QNM\ DUH GLVFUHWH IXQFWLRQV GHILQHG LQ > @ 0 WRWDOO\0 SRLQWV %HFDXVH WKH VHWV
 QNM I DQG  QNM\ DUH RUWKRJRQDO WR HDFK RWKHU:H FDQ VLPSO\ WDNH WKH LQQHU SURGXFW WR REWDLQ WKHZDYHOHW
FRHIILFLHQWV
  > @  ¦  
Q
NM QQV0NM:  
 II   





\\   
 NM: I DUH FDOOHG DSSUR[LPDWLRQ FRHIILFLHQWV ZKLOH  NM: \ DUH FDOOHG GHWDLOHG FRHIILFLHQWV 7KH ':7
GHFRPSRVLWLRQRI WKH VLJQDO LQWRGLIIHUHQW IUHTXHQF\EDQGVFDQEHREWDLQHGE\VXFFHVVLYHKLJKSDVVDQG ORZSDVV
ILOWHULQJDVVHHQRQILJXUH







VLJQDOV DUH QRQVWDWLRQDU\ DQG QRQOLQHDU LQ QDWXUH >@ $QDO\VLV RI +59 G\QDPLFV E\ PHWKRGV EDVHG RQ FKDRV
WKHRU\ DQG QRQOLQHDU V\VWHP WKHRU\ LV EDVHG RQ REVHUYDWLRQV VXJJHVWLQJ WKDW WKH PHFKDQLVPV LQYROYHG LQ






7KH SURSRVHG SURFHGXUH LV SUHVHQWHG RQ ILJXUH  7KH 'HWUHQGHG )OXFWXDWLRQ $QDO\VLV ')$ DQDO\VLV LV
SHUIRUPHGRQ55WLPHVHULHVDQGWKHLUILUVWRUGHUGLVFUHWHZDYHOHWWUDQVIRUPFRHIILFLHQWVWRR6LJQDOV
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   






5HVXOWV RI GHWUHQGHG IOXFWXDWLRQ DQDO\VLV RI GLIIHUHQW 55 LQWHUYDOV GLIIHUHQW OHQJWKV IURP VLJQDO  WLPH
VHULHV DUH SUHVHQWHG7KH VORSH RI WKH OLQH Į FKDUDFWHUL]HV WKH IOXFWXDWLRQV 7KH DYHUDJH FRPSRQHQW IURP':7































Avg from 1st order DWT Y2
Avg from 1st order DWT Y2
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$QĮJUHDWHUWKDQEXWOHVVWKDQLQGLFDWHVSHUVLVWHQWORQJUDQJHSRZHUODZFRUUHODWLRQV7KHĮH[SRQHQWFDQ








RUGHU WRDFKLHYHUHOLDEOH UHVXOWV0HDVXULQJ WKHVHQRQOLQHDUSDUDPHWHUYDOXHVDTXDOLWDWLYH LGHDRIKHDUWFRQGLWLRQ
FDQ EH REWDLQHG:KHQ Į ! DQG Į  LQGLFDWHV D SHUVLVWHQW ORQJUDQJH SRZHUODZ FRUUHODWLRQV:KHQ  Į
SRZHUODZDQWLFRUUHODWLRQVDUHSUHVHQWVXFKWKDWWKHODUJHYDOXHVDUHDPRUHOLNHO\WREHIROORZHGE\DVPDOO
YDOXHDQGYLFHYHUVD:KHQĮ!FRUUHODWLRQVH[LVWEXWFHDVHWREHRISRZHUODZIRUPSDWKRORJLFDO55LQWHUYDOVĮ
  LQGLFDWH %URZQLDQ QRLVH LQWHJUDWLRQ RI WKH ZKLWH QRLVH 'HWUHQGHG IOXFWXDWLRQ DQDO\VLV LV FDSDEOH RI
LGHQWLI\LQJ FURVVRYHU EHKDYLRU GXH WR GLIIHUHQFHV LQ VFDOLQJ RYHU VKRUW YHUVXV ORQJ WLPH VFDOHV 7KLV DV\PSWRWLF
VFDOLQJLQGH[FDQEHDXVHIXOSDUDPHWHUIRUVHOHFWHGGLDJQRVWLFSXUSRVHVEXWWKHGLVDGYDQWDJHLVWKDWYHU\ORQJGDWD
VHWVDUH UHTXLUHG ,Q WKLVFDVH IURPD':7DYHUDJHFRPSRQHQWV UHEXLOG VLJQDOFDQEULQJ WKH VDPH UHVXOWV KDYLQJ
VPDOOHU OHQJWK WKDW WKH RULJLQDO EHFDXVH FRQWDLQV WKH PDLQ JURVV IHDWXUHV WHQGHQFLHV RI WKH VLJQDO 1RQOLQHDU
DQDO\VLV LV D JUHDW DUHD IRU IXWXUH UHVHDUFK WR H[SDQG RXU NQRZOHGJH FRQFHUQLQJ WKH EHKDYLRU RI 55 LQWHUYDO
IOXFWXDWLRQVLQQRUPDOKHDOWK\DQGGLVHDVHFRQGLWLRQV
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